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EMBODIMENT 

A DLV exposure apparatus embodying the present invention is 
described below with reference to the drawings . This apparatus may 
be used for REL or resist curing. 

As shown in Fig. 1, a light source unit 1 includes a case 
2, the inside of which is kept airtight, and out of which light 
is kept from leaking. The case 2 houses an optical system, which 
includes a light source lamp 3, reflectors 4, 5 and 6 and lenses 
7 and 8. The lamp 3 radiates ultraviolet rays in a predetermined 
wave range. The reflectors 4-6 and lenses 7 and 8 reflect and 
transmit the radiated rays to form predetermined parallel beams. 

The bottom of the light source unit 1 has a window 9, in which 
a synthetic quartz plate 9a or another transparent plate is fitted. 
The light source unit 1 is positioned over an exposure chamber 10 , 
which can be irradiated through the window 9 with the light 
(ultraviolet rays) from the unit 1. Air or gas can be released from 
the top of the case 2. 

The inside of the exposure chamber 10 is kept airtight, and 
light is kept from leaking out of it. The chamber 10 has an opening 
(not shown) , through which a semiconductor wafer 11 or another thing 
to be processed can be carried into and out of the chamber 10. The 
chamber 10 includes a shutter for airtightly shutting the opening. 
The chamber 10 houses a heating plate 12 in the form of a disc, 
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on which a semiconductor wafer 11 can rest, and which can be heated 
to a predetermined temperature. A central portion of the plate 12 
has a hole 13 formed through it, under which a light guide cylinder 
14 and an optical sensor 15 are provided. The intensity of the light 
radiated from the light source unit 1 can be measured through the 
hole 13 and the cylinder 14 by the sensor 15. A cooling block 17 
is provided over the sensor 15, and has a coolant passage 16 formed 
in it. The block 17 prevents the heat of the heating plate 12 from 
being conducted to the optical sensor 15. In general, the optical 
sensor 15 for measuring ultraviolet rays is great in heat dependence. 
Therefore, if the heat of the plate 12 were conducted to the sensor 
15, the results of the measurement results would greatly fluctuate. 

As shown in Fig. 2 as well, pins 18, which may be three in 
number, can be moved vertically through the heating plate 12 by 
a cylinder 19. When the semiconductor wafer 11 is carried into and 
out of the exposure chamber 10, the pins 18 support the wafer 11 
temporarily over the plate 12 to form a space between the plate 
12 and the wafer 11 so that the carrying arm can move into and out 
of the space. 

As shown in Fig. 2 as well, one side wall of the exposure 
chamber 10 is fitted with an upper row of gas supply nozzles 20 
and a lower row of gas supply nozzles 21. The nozzles 20 and 21 
are gathered into manifolds 22 and 23 respectively, which are 
connected through valves 24 and 25 respectively to nitrogen gas 
supplies 26 and 27 respectively or other gas supplies. 

The opposite side wall of the exposure chamber 10 is fitted 



with an upper row of exhaust nozzles 30 and a lower row of exhaust 
nozzles 31. Each row of exhaust nozzles 30 and 31 may include eight 
nozzles. The rows of exhaust nozzles 30 and 31 are aligned with 
the rows of gas supply nozzles 20 and 21 respectively. The exhaust 
nozzles 3 0 and 3 1 are gathered into manifolds 3 2 and 3 3 respectively , 
which are connected through valves 34 and 35 respectively to exhaust 
systems 36 and 37 respectively. 

The upper rows of gas supply nozzles 20 and exhaust nozzles 
30 can form an upper layer of nitrogen gas flow. The lower rows 
of gas supply nozzles 21 and exhaust nozzles 31 can form a lower 
layer of nitrogen gas flow. These flow layers are formed between 
the semiconductor wafer 1 1 in the exposure chamber 10 and the window 
9. 

The operation of this exposure apparatus is described below. 

First, the shutter (not shown) of the exposure chamber 10 
is opened, and the carrying arm or the like carries into the chamber 
10 a semiconductor wafer 11 to be processed. 

For REL, the wafer 11 is a semiconductor wafer exposed by 
a stepper or another apparatus before developed. For resist curing, 
the wafer 1 1 is a developed semiconductor wafer. 

In advance, the cylinder 19 has raised the pins 18 (three 
in this embodiment) , protruding them upward from the heating plate 
12. The carrying arm places the semiconductor wafer 11 on the 
protruded pins 18. 

Thereafter, the shutter is closed, and the exposure chamber 
10 is kept airtight. In the meantime, the pins 18 are lowered to 
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place the semiconductor wafer 11 on the heating plate 12. Then, 
the wafer 11 starts to be heated (by the plate 12) and irradiated 
with the ultraviolet rays from the light source unit 1 through the 
window 9 . At the same time, the valves 24 and 25 are opened to supply 
a nitrogen gas or another inert gas through the gas supply nozzles 

20 and 21 to the exposure chamber 10. In the meantime, the valves 
34 and 35 are opened, and the exhaust systems 36 and 37 are driven 
to discharge the gas (in the chamber 10) through the exhaust nozzles 
30 and 31. 

The amounts of supplied and discharged nitrogen gases are 
adjusted for balance with each other in such a manner that roughly 
parallel flows of nitrogen gas in the form of an air curtain covering 
the window 9 may be formed between the upper rows of gas supply 
nozzles 20 and exhaust nozzles 30. The amount of nitrogen gas 
supplied through the lower row of gas supply nozzles 21 and the 
amount of nitrogen gas discharged through the lower row of exhaust 
nozzles 31 are adjusted in such a manner that a slightly excessive 
amount of nitrogen gas may be supplied to substitute the nitrogen 
gas for the atmosphere in the exposure chamber 10. 

The heating generates a resist mist etc. from the resist 
coating the semiconductor wafer 11. Most of the resist mist is 
discharged from the exposure chamber 10 by the flows of nitrogen 
gas formed between the upper rows of gas supply nozzles 20 and 
exhaust nozzles 30 and between the lower rows of gas supply nozzles 

21 and exhaust nozzles 31. This prevents the resist mist from 
sticking to the synthetic quartz plate 9a in the window 9. 
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The nitrogen gas is supplied to and discharged from the 
exposure chamber 10 for a predetermined time (until the resist mist 
generation becomes minute). Thereafter, the valves 24, 25, 34 and 
35 are closed- With the exposure chamber 10 airtight, the 
semiconductor wafer 11 further keeps to be heated and irradiated 
with the ultraviolet rays. 

The flows of nitrogen gas in the exposure chamber 10 are 
stopped in the middle of the processing to prevent ununiform 
processing due to the temperature gradient caused in the 
semiconductor wafer 11 cooled by the gas flows. 

After the heating and irradiation for a predetermined time, 
the cylinder 19 raises the pins 18 so that the semiconductor wafer 
11 may be supported on the pins 18. In the meantime, the shutter 
(not shown) of the exposure chamber 10 is opened, and the carrying 
arm or the like carries the wafer 11 out of the chamber 10. This 
completes the processing of one semiconductor wafer 1 1 . Before the 
wafer 11 is carried out, the valves 24, 25, 34 and 35 may be opened 
to form flows of nitrogen gas again in the chamber 10. These gas 
flows can cool the wafer 1 1 to a temperature near normal temperature 
before the wafer 11 is carried out. The cooling prevents undesired 
temperature rises in the chamber 10. 

In other words, flows of nitrogen gas in the form of an air 
curtain are formed between the heating plate 12 ( semiconductor wafer 
11) in the exposure chamber 10 and the window 9. The flows of 
nitrogen gas discharge from the chamber 10 most of the resist mist 
etc. generated from the resist coating the semiconductor wafer 11. 
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This, in comparison with the prior art, makes it possible to greatly 
reduce the amount of the resist mist etc. sticking to the synthetic 
quartz plate 9a in the window 9. It is consequently possible to 
perform exposure with a stable quantity of light for a long time. 

A resist mist etc. stick little by little to the window 9 
of the exposure apparatus even of such structure. Therefore, the 
optical sensor 15 is provided under the heating plate 12 to measure 
the intensity of the ultraviolet rays radiated from the light source 
unit 1 through the window 9 onto the plate 12 with no semiconductor 
wafer 11 resting on the plate 12. 

The results of the measurement with the optical sensor 15 
make it possible to detect the decrease in the quantity of light 
due to the degraded light source lamp 3, the dirty window 9, etc. 
The measurement results are (the) bases for determining the 
maintenance time and controlling the ultraviolet radiation time 
(lengthen the radiation time if the quantity of light decreases) 
to prevent the quantity of radiation onto the semiconductor wafer 
11 from being insufficient due to the decrease in the quantity of 
light. 

The case 2 of the light source unit 1 may house another optical 
sensor in front of the window 9 (on that side of the window which 
is adjacent to the lamp 3). The results of the measurement with 
this optical sensor and the measurement with the optical sensor 
15 make it possible to judge whether the decrease in the quantity 
of light is due to the degraded lamp 3 or the dirty window 9. 

As shown in Fig. 3, the synthetic quartz plate 9a may, for 
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easy maintenance such as cleaning, be detachable from the window 
9. 

In Fig. 3, the bottom plate 2a of the case 2, which houses 
the optical system of the light source unit 1, has grooves 2b for 
detachable engagement with the synthetic quartz plate 9a. The lens 
8 is supported by a housing 40. The space between the housing 40 
and the quartz plate 9a is closed airtightly by a cylindrical guide 
42 , O-rings 43 and 44, etc. The guide 42 consists of semicylinders , 
which may be joined with screws 41. It is consequently possible 
to detach the quartz plate 9a from the bottom plate 2a easily by 
loosening the screws 41 and removing the guide 42 from the top of 
the quartz plate 9a. 

Fig. 1 

26, 27: NITROGEN GAS SUPPLY 

36, 37: EXHAUST SYSTEM 
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